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Glycemic Index and Serum High-Density Lipoprotein
Cholesterol Concentration Among US Adults

Earl 5. Fard, MD; Sintin Lin, M0

Backgrownd: Dictary glycemic index, an indicator of
the ability of the carbolydrate 10 mise blood glucese lev-
els, and glycemic load, the produet of glycemic indesx and
carbohwvdrane intake, have been positively related to risk
of coronary heant disease. However, the relationships be-
tween glycemic index and glycemic load and high-
density lipoprotein cholestersl (HDL-C) concenteation
in the US population are unkmnown.

Methods: Using data from 13907 participants aged 20
vears and older in the Third Matonal Health and Murri-
tion Examination Swevey (1988-1994 ), we examined the
relationships between glycemic index and glycemic load,
which were determined from a food frequency question-
naire and HDL-C concentration.

Results: The age-adjusted mean HDL-C concentrations
for increasing quinles of glycemic index distribution were
1.38,1.32, 1.30, 1.26, and 1.27 mmol/L (P<.001 {or rend).
(To convert millimoles per liter 1o milligrams per decili-
ter, divide by 0.0259.) Alter additional adjustment for sex,
ethnicity, education, smoking status, body mass index, al-

cohol intake, physical activity, energy fraction from car-
bohydrates and fat, and otal energy intake, the mean
HDL-C concentrations for ascending quintiles of glyce-
mic index were 1.36, 1,31, 1,30, 1.27, and 1.28 mmol/L
(P00 for trend). Adjusting for the same covariates and
considering glycemic index as a continuons variable, we
found a change in HDL-C concentration of -0.06 mmaol/L
per 15-unit increase in glycemic index (F<.001). The
multiple R? for the model was 0.23, Similarly, the mul-
tivariate-adjusted mean HDL-C concentrations for as-
cending quintiles of glycemic load distribution were 1.35%,
131, 131, 130, and 1. 26 mmelT (P=<<.000 for linear trend ),
The inverse relationships between glycemic index and
glycemic load and HDL-C persisted across all subgroups
ol participants categorized by sex or body mass index.

Conclusionst These findings from a nationally repre-
sentative sample of US adults suggest thar high dietary
ghycemic index and high glycemic load are associated with
# loower concentration of plasma HDL-C.
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ARDIOVASCULAR disease

remains the leading cause

of mortality in the United

States, despite notable de-

clines in the cardiovascon-
lar=related mortality rate since the 1960s.!
High-density lipoprotein cholesterol
(HDL-C) is a powerlual predictor of the de-
velopment of coronary heart disease
Warious factors are associated with HDL-C
concentrations, including sociodemgo-
graphic characteristics, physical activity,
body mass index (BMI), aloohol use, ciga-
rerte smoking, and diet.” In metabolic stud-
ies, Katan® showed that increased intake
of carbohydrates reduces HDL-C concen-
trations, Besides the quantitative relation-
ship berween carhohydrate intake and
HDL-C concentrations, the quality of the
carbohydrate characterized by glycemic
index may also allect HDL-C concentra-
thotis, For example, a recent study® re-
ported that glycemic index was the only

dietary variable that was associated with
HDL-C concentrations ina national suudy
of the adult population in England.

The glycemic index of lfoods reflects
their tendency to affect postprandial glu-
cose and insulin eoncemteations,” Thus,
given equal amounts of carbohydrate, food
with a high glycemic index leads wo higher
postprandial glucese and insulin concen-
erations than Food with a low glycemic in-
dex. Although it has been long known that
foods affect glucoss and insulin concentra-
tions dilferently, the clinical significance of
the ghycemic index remains controversial *
Current dietary puidelines in the United
States do not recommend the use of glyce-
mic index, although many recommenda-
tions are generally consistent with the con-
sumption of foods with a low glycemic index
and avoidance of refined foods with a high
ghrcemic index. ™' Examples of foods with
a looarer glvcemic index include various le-
pumes, pasta, and minimally refined prod-

573

WA, ARCHINTERNMED. COM

200 American Mediea] Assoceation Al righis reserved.



PARTICIPANTS AND METHODS

Sarted in 1988 and complesed in 1996 NHAMNES 1L in-
cluded a cepresentative sample of the noninstiuiionalized
civilian population, which was selected by wsing a multi-
stage., stratified sampling design. Persans 80 vears and alder
and African American and Mexican Anicrican persons were
oversampled. Alter a home interview, participants were in-
vited to attend 1 of 3 examination sessions: moming, after-
naon, of evening. For some paricipants who were unable
o atend the examination because of healih reasans, 3 blood
samiple waschizined during the home inerdew. Persons who
anvcnded the morming session were ashed 1o fast for 12 howrs
before the session. Thowe who attended the afiecnoan ar
evening session were asked 10 fast for & hours,

Serum HOXL-C was measured enzymsadically {Hischi
704 .|’|.I'|ﬁt:.'zn-:r; Bﬂt]l.ri.rlﬁ_ﬂ:l’ Mannheim I:li.:|£:.:|1i.'l::Lii:s.h India-
naperlis, Ind) alter precipitation of other lipeproteins with
a manganese chloride=heparin salution. Details abont
gquality-conirel procedures have been published elsewhere. ™
Walues are repored o millimeles per liter; to convert 1o
mi'll.'igram':- pnrd[::i.l'.lr.'r_ divide by 0,025%,

Chetany variables were created Irom responses 10 lood
frequency questionnaize administered o participants oo as-
ses Lheir nsual dier over the past month. Bespondenis were
ashad bow aften over the past month they had sten speci-
fied food items. [ the requency of consumption was re-
pnrt-n:l as never, the value was recarded as zena, Based an pre-
wious vk, e devermilned gleoemic irsdes valwe for foods
reparted on the food frequency questionnaire. For example,
glycemic index vabues were 102% for potato, 100% for whine
bread, 559 for u.[.||_:||.c', anel 139 lar broceolio In pnrtin:lll:r, 115
ing the method described by Lin,"™" we caloulaed dictary
alycembe losd Ta enuliiplying the cardobydinae content ol each
food by its glycemic index vahee; this value was then muli-
plied by the Teguency of consumpiica and summed lor all
fimond dlemis. " Values for the carbohyd mie content of each Food
were chizined fram the US Departmena of Agriculmre Tood
compesition ables.™ We caleulated the average glycemic
irnbex Lor each pacticipant [1';' |:|i.1.'i|:|i.11.g each pcmnn's gl:,.'qe-
mic load scores by their ol daily ingake of carbohvdraces.

—

Because individual food portion size was not collected in
BHANES T, we applied standard serving sizes acvording o
values published in the Us Depaniment of Agriculiure food
composition tables, " Previous studies™* showed that addi-
tional querties on portlon size for participants provided [=w
changes in participants’ ranking according 1o their relaive
intake of foods and murrients,

We included ather variables in the analyses: age, sex,
race or cthnicity (avhite, Afrcan American, Mexicain Ameri-
can, or ether), education (years of atteriance), smoking
status eurrent, former, or never), BMI (oaloubated as weight
in kl]u:-_g_mms divided '|.'l;.' the SOuane of ]l.-:ighl in meiers),
alcabel consumpaion (drinks permonth), leiswre-time physi-
cal activity, energy [ractlon from protein and carbohy-
drates, and woeal energy imake. Aleohol sonsumption was
determined lrom respanses to a food frequency question-
maire. For regression medels, we created a physical activ-
ity index by summing the products of the frequency of par-
ticipation in 1 of 9 specilic activities or up 10 $ additonal
self-repomed activities by the metbolic equivalent bevel far
each reported activity. The energy fmction from protcin and
carhohydrates and the total encrgy imake were caleulaed
frorm a shigle 24-howr dictary recall.

We limited the analyses to pamicipanis 20 vears or older
wheo artended the medical examination and included 13907
participans (6525 men and T0B2 women) with i.'l:II'I1FI|1_"1|: im-
Fermation in aur analyses. We treated glycembe indes, cag-
bohydrace incake, and glycemic load a5 either continuaus ar
catcgorical variables. Means or percentages lor HEML-C con-
centration and baseline characteristics were caloulared for
quintiles of glvoemic index and glveesic boad. To examine
the significance of means or percentages of these variables
by quintiles of glycemic index and glycemic load, we per-
Formied rests foe linear treod. Lieast :1-|:|uan-_-:—:|.|:|_ju5|rd M
of HOL-C conceniration were caloubaved using analysis of
covariance. Tests for linear trend were performed using re-
gression analysis by assigning the median values of glyce-
i index oF ghveemnle load For cach of the quintiles. All analy-
e were dome using compater soltware (version 7.5, Solowane
for the Siistical Analysis of Correlated Dara [SUDAAN]:
Research Triangle Park, NC) 10 abraln proper variance e
rirates because of the complex sampling design.

ucts."! Examples of foods with a higher glycemic index in-
clude pomatoes, white hreads with refined flour, and refined
grin cereals, Recently, several studies found that the gly-
cemic index is positively assoctated with the incidence of
yrpe 2 dinbetes mellivus'"* and cardiovascular disease.™
Because persons consuming diets with a high gly-
cembc index may have lower HDL-C concentrations than
persons consuming a dizt with a lower glycemic index,
thus indirectly increasing the risk of coronary hear dis-
case, we examined dara from che Third MNational Health
and Mutrition Examination Survey (NHAMNES 11D to ex-
amine the relationship between glycemic index and
HDL-C concentrations in the US population.'**®

For glvcemic index, the rounded quintiles were 73% or
less, T0% to 79%, 0% to 83%, 84% w0 87%, and 88% or

higher. For glvcemic load, the quintiles were 98 or less,
59 1o 127, 128 10 157, 138 10 198, and 199 or higher. As
the glycemic index increased, decreasing trends were noted
[or age, white race, education, and BMI {Table 1). The
percentage of men, current smokers, and physically inac-
tive participants was directly associated with increasing
glycemic index. Except for education, current smoking,
and physical inactivity, the relationships between glyce-
mic load and the oiher variables were similar to those de-
seribed for glycemic index (Table 2).

As glycemic index increased, the unadjusted mean se-
ru HOL-C concentration decreased 8%, from 1 3810 1.27
mmol/L (Table 3). After adjusiment for age, sex, race or
ethnigity, education, smoking status, BMI, aleohol intake,
physical activity, energy fraction from protein and carbo-
Topdrares fquintiles), and toal energy intake {quintiles), this
relationshipchanged little. Eliminating participants with ghe-
cose concentratons of T mmol/Lorhigher or those with pre-
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Table 1. Unadjusted Means and Percentages of Selected Covariates by Quintiles of Glycemie Index®

L A
Guintiles, %

!

=TS0 = 2T96] TE-19 (n = 284T] B0-33 (m = 2915} BT [h = 276T) =BEin = EEB'E'II P Tar Tread
T

[ Mem 0.7 T Bl B5.1 2.7
Padian THT ThS B1.3 d5.0 5 45

ApE Y 403 (0.7) 45.4 (L6} 438 [0.6) 24 00.7) 42.4 (0.4 = 11
Mazn 40T (1.8 d6.7 {1.5) 8.2 (1.3 550009 533 (5.4} <= 001
Whitg race B2.2(1.5) T8.4 (1.6} 5.2 (1.3 T4.4 10141 766 (2.2} <001
Eduration, y 125 {0.1) 12501} 126 [0L1) 120 00.1) 120401} =001
Courrent smigins 18.51(1.5] 24.6 1.5} 204 1.3) E09 373 1.6} = 001
Body mass index, kp/m® 265 00.1) 265 40.2} 26,5 [1.2) 8.2 101 26.3 (0.8} oo
[=activa (AT 132114} 12.8 {1.1) 154 (1.5 193 1.2} <001
Alcahd intake, drinksiwk 11.E(1.4] 127418} 133 [2.4) B0 s 102 2.4) 23

*Parkieipants, assd M wars ar gitle, were from the Tl Alabiomal Health and Kes
Aty omenas. ENnsas iaVoars o Anpicaile,

Ao Sovvey 1888-1504 Y Data are presenied ar pecentzge (55) unlass

Table 2. Unadjusted Means and Percentages of Selecled Covariates by Quintiles of Glyeemic Load®
T e e
Ouintiles
I
=95 (n=2617)  99-127 [ = 3334}  128-1%7 (n = DEGG6) 158133 (n=2509) =159(n -:mzi Fior Trend
Glycemic load
Mean 154 1125 1415 1763 2616 s
Medizn 301 1127 416 1756 2382 L
e, i 5.7 (0.5] 457105 £6.0000.7) 441 (0.8) 4150008 w001
Men 224 (1.4 445 (1.5 SLEET) H201.T) 5200 (1.0 el i) |
Whita race B0 (1.4) E1LT[1.5) TEE{LE TTE(1E] E232(1.7) <= 01
Education, ¥ 124 (0.1] 12,5 (01) 125 (0.1 125 0.1] 120 00.1) i
Currenl smaoker 210141 268 (1.6 256 (1.0) 20011 SEFLT ]
Bty nass indeo, k't 2T 0.3 T 02 266 (03] 25.5(0.2) 255 (4.1) = £
Inactve 143 (1.2] 14.4 (1,23 14.4 (1.3] 133 01.1] 148 (1.10] 4
Alrohil kntaka, drinkahek 114120 BT [05) 5.5 005 113 (15 148 (25 A%

=Seg fonfnas fe Tabke 1. miycasis dead & the prococt of plyoemdc indier and canbolipdats inlzies [soa “Methods ™ fachina).

viously dizgnosed diabetes mellivus did not change our re-
sults materially. The muliply adjusted HDL-C concentra-
tonswere 137, 133, 132 1,29 and 129 mmolL forquintiles
| throasgh Sofphyoemicindes, respectively (P2 001 for rend).
The decrease in HDL-C concentration with increasing gly-
ceric index was more pronsunced among men (unadjusted
T decrease; adiusted 8% decrease) than women (unadjusted
5% decrease: adjusred 2% decrease). The decrease in per-
centage 0fHDL-C concentration was similar for participants
with a BMI less than 25 and 25 or higher. Adjusting lor the
same covariates and considering glhycemic index as a con-
tinwous variable, we found a change in HDL-C concentra-
tion of 008 mmel/L per 13-unit increase in glycemic in-
dex (P<2 001}, The multiple R? for the mode] was (.23
The pattern of decreases in HDL-C concentration
with increases in glveemic load were similar 1o chose de-
scribed for glycemic index except that the sex differ-
ences nated lor glycemic index were less pronounced
{Table &), The multiple B for the model was 0,20, Elimi-
nating participants with glucose concentrations af 7
mmolL or higher or those with previcusly diagnosed dia-
betes mellitus did not change our resulis marerially. The
'|‘.'1.ll'|['.|".~'|_'\_-.' :'|l.'i.ju.‘\.[|:'\-c'] HDL-C concentrmions were 1,346, 1.31 ,
1.32, 1.31, and 1.29 mmol/L for quintiles 1 through 5 of
glycemic load, respectively (P =007 for trend).

— R

In 1his representative sample ol US adults, we found that
a loweer quality of carbehydrate intake as characrerized
by a high plycemic index was associated with a lower
HDL-C CONMCENITILLONn, i.r'|-:']r.|'|-::r|-:]r:rll |_|[ El-:_'l:r_:-m ]-.',nu:m'n n]
b associzted with HDL-C concentrations and the amount
of carbohydrate inake. Our resulis are consistent with
findings from a survey conducted by Frost et al*in a na-
tional sample of adules in England. They recently re-
poried that glycemic index and HDL-C concentration were
inversely related among 1420 British participants aged
15 o B4 vears ina cross-sectional study, The percentage
decrease in HDL-C concentration among men in their
study was simiblar (o thar observed in our study, They
found a stronger inverse relat i-;_':ni.h'i_:u brtwern g]}'i:f_-mi_-;:
index and HOL-C concentration among women than men,
however. These differences are likely due 10 differences
in the demographic compositions of the 2 samples and
o the use of different dictary instruments.

Because our results were derived [rom o cross-
sectional study, we cannot conclude that changes in the
glycemic index and glycemic load can cause changes in
HDL-C concentrations. The food frequency question-
naire that we wsed was an abbreviated one and did not
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Tahle 3. Mean Concenlralions of High-Density Lipoprofein Cholesterol (HOL-C) Aczording fo Quintiles of Glyeemic Index*
—— e e A
Qpintiies, %
I
HOL-C Costenlration =75 T4 an-z3 E4-BT =4 #lor Trend
Participanis, No. 2706 2847 915 ETET 2582
Cruds . 1235 10,01) 132 (2.00) 178 (0.01) 1.26 [0L0%) 127 (0.01] = 001
Age adjostedt 1,35 (0.00) 1.32 (003} 1.50{0.01) 1,26 (0.01) 127 (0.01) =00
Age and BMI adjustadt 133 (0.01) 1.52 (00) 150 (0.1 1:25 () 127 (0.01) =001
Mukvarialetd 1.3 00.01) 130 5.0} 1304001} 127 [0.01) 128 (0.01] < 001
Men, Ho. 1226 1355 1478 1444 j32
Crisda 1.23 (002 1:20 (000} 120 (000) 1.15(0.02) 1.14 (0,07 = 001
Age adjstadf 123 (0 1,20 (L0} 1,20 (0.01) 115 {002} 1.14 (00 =
Age and BMI adjusted 1.24 (002 1.2 {00 1.0 (0.0n) 1,14 (002} 1,14 (0.0F) e ]|
Mukariteis 1224 [002) 1.2 (oL} 120 (L) .14 {002} 1.14 (0.02) <= [
WWoman, Ho. 1570 1456 1437 1323 1260
Crode 145 (002 1.42 (003 1.40 (002 1 2205 (0.0 ) 1.42 (002 o
Age adpstedt 1,49 [0L02) 1.42 (0,02} 140 (0.02) 180 {07} 142 (007 (o]
Age and BMI adjustedt 1.4% (002 1.42 [0.02) 1.40 (002 138 {0.02) 142 (002) o
Multivaritefs 1047 (0L} 1.42 (202} 140 (0.0 1.4010.01) 1.44 (002 1
Farticipants wilh BME <25, Hix! aai 1103 1155 1148 1117 S
Crede 1.52 [0y 1.46 [0.02) 142 (0.00F) 1,38 {0,07) 134 (002 e
Age adusied 1.51 [0.02) 1.45 [0.02) 142 (0 138 (0,08 139 (003 =00
Age and BMI zifusted 1.52 (.02 1,46 (0.02) 1.4% (002 137 {0.02) 1.3 (oo} w00
Multiva et 1.48 [0.02) 1.44 [0u02) 1.43 [0L02) 1.39(0,02) 141 (002 003
Participarts with BMIE =25, Mo, 1205 1744 1757 1618 1485 e
(H 1.28 (0.0} 1.22 (.01} 1.1% (f0) 1.1640.01) 157 (0.0 <
Ageadusted 1:27 (0.0} 122 (0.01) 1.210 [0L0E) 1.16{0.01) 1,07 (008 - 0
Age and BMI adjusted 127 [0 1.22 (001} 1.0 [0L0E) 1,16 (0,07 147 [0.02) <00
Mgitivarkist 1.26 [0.01) 1.22 (0.01) 1210 (001} 1.15 (0,01 1.18 (001} = 0

* Farieiants, agad 207 padrs and afile ward Irov e Thind Natiaal Hpalth and Mudnifion Sunsy, 1988-1994 16 Dl ave prssintted d¢ millimales per Ker
anless indicaled ofenwiss: [0 comvan aiivmoes per Wér i iiligrams per e oivioe Gy QO2SR BV indicatas Sody mass indax, Wit i cakubited a5 weight iz

Mikograms draded by the squars of Reyghe in metars, Elinses, nor ikl
tlcdrsten psing analmis of covanncs.

FANweled far dge, s, moe o elminl edvcaiion, smoking staros, S, akohal itfake, mipsis ety enengy IR oo from profely fouwsiies) and

carbafpdrafes (pwimiles), and iotal enprgy intzice fpuintiiss],

BAdrsad for ape, raes OF alfnily. sdusatiog, Smoking states, BA atcoho! intrke, pRysca! 60T SRargy Taction frm peoleit e ad carbotimies

fquinives), and ok eqergy driake fquindies)

include questions about portion size, which inevitably
led 1o some misclassilication of participants” dietary in-
take. Consequently, we probably underestimated the mag-
nirude of the decreasges in HDL-C concentration with in-
creases in glveemic index or glycemic load. We may have
failed to account for relevant confounders or incom-
pletely adjusted for selected confounders. Finally, the ap-
parent associatlon between glycemic index or glycemic
Ioad and HDL-C concentration may be due wo another
muLriemE-

Althoasgh it has long been known that diet can affect
circulating concentrations of HDL-C, much remains to be
learned about how specificaspects of diet can affect HDL-C
concentrations, Thus, the recent research thatshowed that
the quality of the dietary carbohydrate composition can al-
fect HDL-C concentrations independent of the quantity of
carbohydrae intake suggests a new pathway through which
adiet withalow glycemic index may lower the risk of coro-
nary heartdisease. A summary of oheervational sndies? found
that for every decrease of abou 0.026 mmol/L in HDL-C
concentration, the rsk of coronary heart disease increased
by 1.9% 1o 2.3% inmen and 3.3% in women. Thus, an in-
crease in the adjusted HOL-C concentration of about 8%
in men and 2% in women could theoretically reduce coro-
nary heart diszease by abour 8% in men and 3.5% in wom-
enn In the United States in 1996, abont 242035 men and
234088 women died of coronary heant disease, and abou
1.1 million Americans were estimated 1o have had myocar-

dial infarction or faial coronary heart disease.* Therefore,
the potential reductions in coronary hean disease evers
and mortality due wo changes in HDL-C concentmtions, such
as those we found, are not trivial.

Although metabolic studies in patients with diabetes
mellitus or hyperlipidemia have shown lower total cho-
lesterol concentrations when carbohydrates with a low gly-
cemic index are substituted for those with a high glyce-
ke index, lindings on HDL-C concentrations have been
less consistent.™* Therefore, the recem findings in 2 na-
tional surveys in the United States in the present study and
Englamd® need to be confirmed by prospective siudles or
clinical metabalic irials of healthy persons, Because of the
lemg-standing controversy about the potential ctiologic role
of glyoemic index in the pathogenesis of several chronic
diseases and the shor-term matre of metabolic data, data
from large prospective cohomnis that direcily relate dietary
carhohydrates, glycemic index, and glycemic load to the
subsequent development of type 2 diabetes mellitus and
coronary heart disease will be most informative, In the fi-
nal analysis, the ultimate criterion by which o judge the
clinical utility of the glycemic index or that of any other
classification schemes of foods is its ability to predict dis-
eise outcomes, If dietary carbohydrate composition influ-
ences HDL-C concentrations, recommendations about the
best dietary sources of carbohydrates may need to be re-
lined, In light of recent data suggesting that dietary carbo-
hydrate composition may affect the risk of type 2 diabetes
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Takle 4. Mean Cancenlrilions af High-Density Lipeprofein Chalesteral (HOL-C) According to Oulmiles of Glycemic Laad*
— e e ————— e Y
Quintilag

ROL-C Canceatralisn | 55-127 128157 158-133 =189 PlorTrend

Participants, o, 2ras ZEAT 2915 2767 2502
Crada 1.38 (001} 1.2 (0.0} 1,24 (01} 1.2640.01) 127 {0.01) <001
Age afustedt 134 fan) 1.32 (0.02) 1.31 [1.01} 131 40.01) 1.26 (0,01} = 001
Ane and BMI ad|ustedt 1.36 (0.01) 1.32 [0.02) 1.31 {0.01} 185 40,01 1,24 {001} = 001
Miuitivariaiet 1.35 [0.0) 1.31 () 131 (0,01} 1.3010.01) 1.2 {0.01) = 001

Men, Mo, 1188 1154 1320 1383 1745
Crude 1.21 (0.02) 1.18 (0.02) 1.20[0.02) 1,16 {0.02) 1174001} 05
AQs afustedt 1.21 (203} 1,15 {002 1,20 {0.02) 1.16 {0.0E) 1.16 {0.01} bt
Age and BMI adjusteds 1,24 (o) .18 (002 1.18 {0.07] 1.1510.01) 1,15 {001} =001
Mgitivariatet 1.24 [0.02) 1.20 [0.02) 119 {01} 1,15 ¢0.01) 1.14 40,01} 001

Women, No. 1451 1403 1346 415 1467
Chude 1,45 (o 1.43 [n.02) 1.82 {0.07) 145 {0.02) 1.55 {002} 04
Age adjustedt 1.44 (0.02) 1.43 (0.0} 142 10.02) 145 (0.02) 1.35 {0.07) 05
AQs and EMI adjusledf 146 (002) 1,43 [0u0E) 142 {0L0E) 1.44 (000F) 137 {0.02) <001
Meltivariatet& 145 (002} 1.42 [0.02) 1.2 {0.01] 144 {0.02) 155 (0.0 00z

Faricipasts with BMI <25, No. &1 245 1046 1215 1441
Crude 1.49 (L02) 1,48 {003} 1.83 {0.02) 141 (000 135 (0.0E) =001
Fige adjuzted 1,49 (02} 1.46 {003} 143 {000 141 (0002 135 {00z <0
gz and BMI adfestes .40 (0025 1.48 {003} 143 {000 141 (0.0 135 (000 =i
Malthvarizset LR 1.45 {0.03) 1.43 40,07 141 {0.02) 1.5 (0,08 < 001

Participants with BMI =25, No. 1746 1609 1620 1593 1821
Crude 1,26 (0.02) 1,20 0,02 1.21 {001 1.30{0.01) 1.15 (0.01) < 001
Age adjusted 125 (0.02) 1.2040.02) 1.2140.01) 1.0 {0.01) 1,16 (0,01) < 001
Ape and EMI adjusted .26 [0.02) 120 {002} 121 {0.01) 1.0 (i) 1.15 (n01) <001
Miellivariatet 1,26 (0.01) 1.20{0:01} 1.21 40,01 1.2000.01) 1.16 (0.01) = 001

Koad 5 M prodecl of phecamic gy and civbadnarate mder feee “Mearods ® saption)

meklinus and coronary heart disease, it may be prudent to
consider substituting foods with a low glycemic index for
ones with a high glycemic index a5 a means of lowering
the risk of developing these conditions.

Accepted for publication July 28, 2000,

Cerresponding author and reprints: Earl 5. Ford, MD,

Livision of Nutrition and Physical Activity, National Cen-
ter for Chronic Discase Prevention and Health Promotion,
Centers for Disease Control and Prevention, 4770 Buford
Hwy, M5 K26, Atlanta, GA 30341 {e-mail: esf2@¢dc.gov).

Qi REFERENCES e

. Hafiona Instinszs of Healh, Matiosd Hean, Lung, and Blood Institute. Morbid-

il dnd Markalye 1996 Chavibook o Cardieascular, Luog, s Shopd Dis-
:lﬂfﬁ E::‘:?ﬁa Wi); Watignal kactitgles of Haakh, Watisnal Hesrl, Lung. and Blacd
e T EN

. Heizs &, Jobnson M, Pelland 5, Bavis CE, Tyooler 128, for the: Lighd Research

Linics Program Prevalence Emudy, The epidemiciopy of plasma high-density -
pproieia chodestargl kveds. Crestinon. 123062(4, pl 2N TE-IV1I68.
Gondoey DU, Peoefield JU, Garson A, 2L al. High-density Bpoprolzia choles-
1=nil and cardioascular desase. Gircaition. 1980:79:3-15,

Kationad Hear, Lusg, and Blood Inslitele. Fecond Rasad of M Exdr Panal o4
et Beaa b, i Tresdmeod of R DR Dol i i Adults Bsthasda,
W: Mational IrsBiutes ol Health; 1933, NIH publication 53- 3095

Katan MB. Effect of low-fzt diets on plesma high-densgy lignpestein concenin:
Tans, Am.J (el Martr, 1985067 (5usp) 35T35-5755.

Frasti, Leeds A8, Dore G, Madeirgs 5, Bragng 5, Docrfont A Gheasmit in-
die &% 4 dstesriinam! of serum HOL-cholestercl concentraSion. [accet 1954;
AT 10451048

« Janking U, Wisknar TR, Tigdor RH. el 8. Ghsermic index of foods-a physiclogh-

Al bagis [or carttrydeals echange. Am J Giio Mude 1381343062266

- Wolzves TM. The ghycemic index. (Mabedas Gare, 199720452456,
. U5 Diept od Agriculyna, Nudrition and Yoo Hasih: Distn Buidalinas far dman-

0.

s, 000, Washingtan, OC: US Depl of Agriculune; 2004,
Krauss: B, Ecked B, Homard B, et all AHE Setzcy peldelines: reviion 2000,
Chrrulation. 00, 10022842205,

1.
12.
13.

14,

15,

* S fnodnodes bo Tl 5. I the dast & fpoinples, MR -G concanirafioes were ajusiod for enavgy iaenion Som fal, sather vt frpm sarbahydrares, Ghoamis

Foatir-Powsl K, Miler J8. intzmational bies of ghyoemic indee, A 0 M
VFGELET 55305,

Sahmeren J Asehero A, Rism EB, ot al. Disfary fiter, ghyosmic kad, and nisk of
NIDOL in men. Sabetes Gave, 1837 20 :545-550.

Salmanan J, Warsen JE, Stampier MU, Colditz Gy, Waireg AL, Wkt WE. e lary
fibes, ghroamic load, aad risk ol non-insulin-dapenden| dizbaias malBlus i wonmen
SAMA VFATATIATRATT.

Lis 5, Willeth W, Stampler MY, e al & prospectve study of distary ghyoemic
locad, carbabrydrale intzlos, and risk of coronary besart dsease in US woemezn, 4%
J G¥n N, 2000 T 214555851,

Fizn ard operaiion of iha Thisd Naticnal Heaith and Hutrition Exanina®on Sur-
iy, 1GEA-94 Vital Healks Siat 1. WUy 18321407,

16, Cenbzrs for Dsease Contnol and Frevention. MHANES I 1585-54 Aatarees Ming-

17
13.
14,
Al
FiR

2.
F
.

8. Feosd G Wilding J, Baacham ). Distary advioe based on the phycas

afks ang Raganz [en CO-AOM). Hyaisalk, Md: Mational Ganfer for Heakh St

lisfice; 1385,

Lin 5. Dstary Gipremi [oad, Cavbabyide. ang Whole Goai Dnskes in ek

o Rk of Gpvonary M Dessase, Boorbon, M Harsaid Univessiy, 150585121,

Lip S Insulh sesiglanes byperghycamia and sisk of malor cheonl; diseases a

distary perspactiee. Proc Matr Soo Ansh 195822040150

Lompazition of Foogs; Aaw. Frocessed, angd Frpares, 1963-1252 Wakking-

tan, DoC: LES Diepd ol Apriculiue: 1993 Agrculurdl Bandbook Ho. 3 Series

Zamet JM, Humble (23, Skpper BE, Allernativis i the coBeciion and arcdyss of

faod irequency nlerdiew data. A J Epvdaenil 1084120572541,

Hunigr D). Sampsos L, Stampder MJ, Colditz G4, Rasner 8, Wikt WG, Var-

abilify in partion sipes of commonty consumed 10055 2 populaion of women

in the United States, Am J Ephoemict 19885177 1260- 1242

w Eﬁmmfpmmw. End ol Hew York, W Dodord University
i

Améncas Heart Association. Coronary Hear' DNsease and Anging Pecroris, Dk

las, Tex: American Hearl Associasion; 1830

Jeesbdng. DL Wokresr TM, Kalnusky J, el Low-givosmic indes dizl i byper-

lipidernia: wea of Iradifioral starchy foods. Am J G¥n M 1587466671,

. Brand JC, Colagiun &, Censsman 5. Allan &, Reberts DO, Touseell A5, Low-

ghcemi incex foods impereed kang-tamm phoamet cantiod in NIDDKL Diabees
Gang, 1980, 14:85-101.

. Fonteslla AW, Ridala 5W, Pendorsls & Bcosta M, Boemed FR, Slama G, The

use of low giycaemic index: feods improves malabelis conrol of disbetic pa-
tigfits over Trea wasks. Drabel Sad. 1592 50844-450.

- Wobser TM, Jenking D, Subsan V, et 3, Beneticial etact of & bow phaasmi

indexc died In Byeper 2 iabales. Mabal Med, 183230451453,

i kndhex: lm -
piiregs dislary peofile 2nd metabolbc coninal in type 2 diabetc patents, Rabar
M 195801307401 .

(REPRINTED) ARCH INTERM MUDSWOL 160, FEE 26, 2001

aTh

WA ARCHINTERNMED ACOM

FIHET Amerdcan Medical Acoonciainnn Al robre reormeed



